Thin metallic plate was welded onto a ceramic plate using regulated underwater shock wave. The thin metallic plate was accelerated about 900 m/s by underwater shock wave and collided with ceramic plates, such as the ZrO2 ceramic plate. Bonding was achieved through intensive deformation at the collision point, but cracks were normally generated in the ceramic plate. The use of a cover plate with the metallic plate and other devices such as momentum traps was effective in eliminating cracks in the AI/ZrO2 joint.
Introduction
The Some experiments were conducted in water as shown in Fig.  1 . A 0.1-mm-thick metallic plate was set on ceramic plates keeping a fixed stand-off distance of 0.5 nun, and the gap was sealed against water. The metallic plate was sometimes covered with a stainless (0.1-mm-thick) or an aluminum (0.3 -nun-thick)
sheet . These plates were bonded using an epoxy-resin based binding agent. The cover plate acts as a momentum trap to eliminate cracks due to the propagation of shock waves.
The ceramic plate was fixed in a cast-aluminum container or in a epoxy resin which included 40 -80 mass% iron powders. The iron powders were mixed for the sake of increasing the density of the resin due to its small shock impedance.
The distance between explosive and metallic plate D was fixed at 45 mm.
The experimental conditions are listed in Table 1 . Figure 3 shows the cross-sectional area obtained by an experiment in a case when the ceramic was set in a cast-aluminum container and without a cover plate. The plates were actually bonded at the interface, but a number of cracks were generated due to the propagation of strong shock waves in the ceramic. It is expected that the thermal history during the casting of aluminum decreases the mechanical property of the ceramic. Some pores were observed over the interface between the ceramic and the cast-aluminum due to their low wettability. Figure 4 shows experimental results using zireonia ceramic which is bonded with thin copper plate. In this case, a stain less steel cover plate was placed above the metallic plate. The experimental results showed that the number of cracks decreased due to its toughness as shown in Fig. 4 (a) , but there still exist cracks generated especially in the interfacial area. The interface showed wavy structure as found in Fig.4  (b) , which was generated due to a fluid-like behavior normally observed in explosively welded metallic plates [1] . The formation of a wave structure induced these cracks due to a large deformation in the ceramic. The cracks were actually initiated from the bottom of the fluctuation as shown in Fig.  4 . The microstructure shown in Fig. 4 (b) suggested the melting of the reacted interfacial zone. The area was mainly composed of fused copper with a small amount of crushed ceramic as indicated by arrows in Fig. 4 (b) . Such a microstructure suggests that the bonding mechanism is based on the formation of a metal jet, which is well-known as a fundamental mechanism of explosive welding. Fig.3 . Cross-sectional area of explosively welded sample (#A1) fixed in cast-aluminum container without using cover plate. Fig.4 . Cracks generated at interface (a), and microstructure in explosively welded Cu/ZrO2 (experiment #C1).
Experimental results and discussion

Experiment
#A2 showed remarkable improvement in decreasing the number of cracks as shown in Fig. 5 (a) . In this experiment, a zirconia block (301 x 10w x 30t mm3) was to be bonded at the opposite side of the detonator as illustrated with dashed line in Fig. 1 . The interfacial microstructure is shown in Fig. 5 (b) . The interface exhibited planar structure, but the bonding was strong enough not to be peeled off through the bending test. In this experiment, the impact velocity to the normal direction Vp was estimated at about 900 m/s, and the velocity was greater than the velocity for the explosive welding of metallic plates, which was about 300 to 800 m/s [3] . Also, the impedance matching method gave us the shock pressure of about 7.3 GPa [4] .
It is essentially important to obtain such a planar interface in a case when one of the bonded materials is brittle. In the bonding of Al/ZrO2, a formation of the planar interface is expected due to the difference in their density and flow strength [5] , [6] . In the case of the explosive welding of an amorphous film onto a steel plate, a lower limit of the explosive welding condition was chosen to obtain the planar interface [7] . The existence of the fluctuation at the interface induces a possibility in generating cracks at the amorphous film. In our experiment, the predominant flow of aluminum with zirconia enables us to join these materials showing a planar interface under the explosive welding mechanism [1] . 
Conclusions
Thin metallic and ceramic plates were welded using regulated underwater shock wave.
Under moderate experimental conditions, Al/ZrO 2 was successfully welded without cracks using a cover plate above the metallic plate and some other blocks as momentum traps, also using a ceramic container made by epoxy resin mixed with iron powders. In the welded material successfully obtained without cracks, the interface showed a planar structure, but showed good bonding based on the explosive welding mechanism.
